We are currently assessing the relative usefulness of the secretin pancreozymin test (Burton et al., 1960) and the Lundh Borgstr6m test (Lundh, 1962; Lundh and Borgstrom, 1962) Received for publication 9 December 1977 Harper Raper (CHR) units per kg of pancreozymin Boots (batch numbers 5476, 5833) and duodenal juice was aspirated in 10 minute fractions for 30 minutes after each injection. In the Lundh Borgstrom test 500 ml of a standard meal (Borgstr6m et al., 1957) was ingested over 10 minutes, and duodenal juice was collected for four successive 30 minute periods. SUBSEQUENT STUDY In the subsequent study a quantitative secretin pancreozymin test was performed in three informed volunteers using the double marker technique of Go et al. (1970) which involves, after simultaneous intubation of stomach and duodenum, constant perfusion of the stomach at 1 5-2 ml per minute with isotonic saline containing a non-absorbable marker, 14C labelled polyethylene glycol (New England Nuclear Co), and constant perfusion of the duodenum at 1 5-2 ml per minute with isotonic saline (pH 6) containing another non-absorbable marker, polyethylene glycol (molecular weight 4000 BDH Chemicals Ltd.). After an initial 40 minute equilibration period duodenal contents, recovered by means of an intermittent suction pump, were pooled into 10 minute fractions. Each volunteer was also given a quantitative Lundh Borgstrom test using a technique designed by Malagelada et al. (1976) . The test meal which contained 2-5 ,tc 14C labelled PEG was ingested over 10 minutes and subsequently at 10 minute intervals 50 ml of gastric contents were aspirated by syringe, mixed thoroughly, a 10 ml aliquot retained for analysis, and the remaining 50 ml returned to the stomach. At the end of 120 minutes the stomach was emptied and the volume of gastric contents recorded. Throughout the test the duodenum was perfused at 1 5-2 ml per minute with isotonic saline containing PEG (5 g/l) and duodenal contents were aspirated in 10 minute fractions.
Chemical methods
The pH of all gastric and duodenal samples was measured; concentration of trypsin was estimated by the pH stat method of Haverback et al. (1960) with p-toluene sulphonyl-L-argininemethyl ester (TAME) as substrate, amylase by Lagerlof's modification of the saccharogenic method of Norby (Lagerlof, 1942) , lipase by a pH stat method with an olive oil emulsion as substrate (MarchisMouren et al., 1959) , and bilirubin by the method of Powell (1944) . Concentrations of PEG 4000 in gastric and duodenal samples were determined by the method of Hyden (1955) The coefficients of variation in the determination of PEG, 14C counts, amylase, lipase and trypsin were 1 0, 3 0, 2-0, 2-9, and 5 8 respectively. In in vitro experiments 5 mg PEG 4000 per ml of duodenal juice was found not to inhibit amylolytic proteolytic or lipolytic activity.
Analytical methods
The volume flowing past the sampling site in the distal duodenum was calculated from the rate of infusion of PEG saline into the proximal duodenum and the ratio of PEG concentration in the infusate and in aspirated samples (Go et al., 1970) .
Details of calculations to determine the total outputs of secreted pancreatic enzymes in studies employing gastric and duodenal markers have been provided by Go et al. (1970) , and Malagelada et al. (1976) . If it is assumed that complete mixing of duodenal marker and secreted pancreatic enzymes occurs, the volumes of duodenal juice regurgitating into the stomach in each 10 minute period of the SP test can be calculated by dividing the PEG 4000 content in successive gastric aspirates by the concentration of PEG 4000 in respective duodenal aspirates. We have not applied any systematic correction for reflux during the course of the Lundh Borgstrom test. Instead the volume of duodenal juice present in gastric contents aspirated at the end of the test was calculated, and multiplied by the mean 10 minute concentration of each pancreatic enzyme in duodenal aspirates. This product was added to the cumulative two hour output of each enzyme in duodenal samples and the mean 10 minute total enzyme output was determined (Table 5) .
We have used the log values of enzyme concentrations and outputs in this study, as the distribution of pancreatic enzyme output, which in a normal population is skew (Sarles et al., 1963; Ammann et al., 1968; Goldberg and Wormsley, 1970) , can be normalised by logarithmic transformation (Sarles et al., 1963 : Sun, 1963 , Ammann et al., 1968 . The concentrations and outputs of enzymes in response to meal and hormonal stimulation have been compared by paired t tests.
Results

COMPARISON OF CONCENTRATIONS OF PANCREATIC ENZYMES IN SP AND LUNDH BORGSTROM TESTS
As the effect of bolus intravenous injections of secretin and pancreozymin on enzymes is short lived ( Fig. 1) Table 5 , and the overall pattern of enzyme response to the s highest in the 20-30 test meal is shown in Figure 7 . The main determinant lation in each subject of the pancreatic enzyme response to the meal was of amylase and lipase clearly the load of acid and digestion products i volume, whereas the delivered into the duodenum at a given time. Thus, roportionately after the in subjects A and B peak concentrations of enzymes Phere was no consistent at 30 minutes after the meal (Table 5) corresponded :ion between the total 10 closely to the peak phase of gastric emptying ( Fig. 6 ), while in subject C delay in gastric emptying was associated with a delayed peak enzyme response (Fig. 6 , Table 5 ). In two subjects, B and C, peak bilirubin output coincided with peak enzyme; in subject A peak bilirubin occurred 20 minutes earler than peak enzyme (Table 5 ). The mean 10 minute total outputs of trypsin, amylase, and lipase after the meal were two to three times less than the peak responses (Table 6 ), but similar to the peak 10 minute total enzyme outputs after secretin, and after pancreozymin (paired t tests, Table 6 ). Peak postprandial output of trypsin significantly exceeded the response to either hormone. Peak postprandial outputs of amylase and lipase were significantly higher than the responses to pancreozymin; although these values were clearly higher than the responses to secretin also, the differences were not judged to be significant in paired t tests (Table 6 ). Peak postprandial outputs of bilirubin were twice the peak response to intravenous pancreozymin in subjects A and B, but the peak responses of bilirubin to endogenous and exogenous stimulation were equal in subject C (Tables 4 and 5 ).
Discussion
We are aware of three studies in which the responses of pancreatic enzymes to a test meal, and to exogenous hormones were compared in order to assess the relative intensity of pancreatic stimulation provided by these means; other investigators (Moeller et al., 1972; Gyr et al., 1975; Waller, 1975; Fiore et al., 1976) Our initial study shows that the peak postprandial concentration of each pancreatic enzyme significantly exceeds its mean concentration (Figs 2,  3, 4) , but that the relationship between the responses to meal and to hormonal stimulation are considerably different for trypsin (Fig. 2) , amylase (Fig. 3) , and lipase (Fig. 4) . As the three enzymes were secreted in parallel during the SP test (Fig. 1) and as parallel secretion of these enzymes after a test meal has been reported in normal subjects (Lundh, 1962; Lundh and Borgstr6m, 1962) , our results in patients with a Table 5 Total 10 minute outputs of trypsin, amylase, lipase, and bilirubin in quantitative Lundh '\ wide variety of non-pancreatic abdominal disorders ;°. .... (Table 2) suggest that a reduction in amylase and particularly lipase after meal stimulation is due to secondary inhibition or inactivation ofthese enzymes.
A selective decrease in lipase, especially seen in the 90 120 subgroup with poor gall bladder function (Table 2) , prandial has previously been reported by Worning et al. iction being (1967) in patients with anicteric biliary disease and astric emptying cirrhosis of the liver and may be due to qualitative and quantitative changes in bile salt composition group.bmj.com on June 24, 2017 -Published by http://gut.bmj.com/ Downloaded from in these patients. In addition, low lipase and amylase concentrations in two subjects with active duodenal ulceration (Table 2) were probably related to irreversible inactivation of these enzymes by unusually low duodenal pH, while trypsin, which is more stable, remained unaffected.
The use of nonabsorbable markers to measure pancreatic enzyme secretion fell into disrepute after Worning's experimental (Worning and Amdrup, 1965) and clinical (Worning, 1967) studies from which he concluded that uneven mixing of marker in intestinal contents leads to over-estimation of intestinal volume-an interpretation that has been criticised by Jacobson (1966) and Fordtran (1966) . Uniform mixing of marker and secretions is indeed an essential prerequisite-thus the powerful stimulant effect of CCK.PZ on duodenal peristalsis (Dahlgren, 1966; should ensure that marker dilution truly reflects secretory events after intravenous pancreozymin and endogenous CCK.PZ released by the meal. Certainly the pattern of post pancreozymin enzyme response in the quantitative SP test (Fig. 5 ) is similar to results of our initial study ( Fig. 1) and to results published by Burton et al. (1960) , while the response to meal stimulation (Fig. 7) closely resembles the results in Lundh's (1962) report. In each subject, however, intravenous injection of secretin resulted in a delayed response, the peak flow rate occurred 20-30 minutes after stimulation, with concomitant increase in amylase and lipase. As numerous clinical investigations have demonstrated secretin-induced secretion to be most intense within the first 10 or 20 minutes of injection as obtains in the first part of our study (Fig. 1) , the delayed volume response to secretin in the quantitative study (Table 3, Fig. 5 ), as previously encountered by Worning (1967) , must be considered to be anomalous. Both pure secretin and Boots secretin have been shown to inhibit duodenal motility (Dinoso et al., 1966; Chey et al., 1967; Osnes, 1975) and it is likely that this effect, like the effect on flow rate of pancreatic juice, is greatest soon after intravenous injection. Duodenal ileus would mitigate against adequate mixing of marker and secretions which could lead to underestimation of the actual volume within the duodenum in the early periods after injection. In contrast to Worning's report, in our study the calculated total volume of duodenal juice recovered in 30 minutes after secretin 161 6 ± 13-1 ml (mean ± standard error of the mean in three subjects, Table 3 ) was not unduly excessive (0-8 < p < 0 9) when compared to 135 ± 4-2 ml (mean ± standard error of mean in 21 subjects) aspirated in 30 minutes after intravenous injection of 1'7 CHR units per kg of secretin Boots in the study of Burton et al. (1960) .
The similarity in magnitude of peak enzyme responses to secretin and to pancreozymin (Figs 1, 2, 3, 4, 5) is puzzling if one accepts the traditional viewpoint that pancreozymin specifically stimulates synthesis (Rothman and Wells, 1967) and secretion (Harper et al., 1962) of enzymes, while secretin specifically stimulates the secretion of water and electrolytes which wash-out preformed enzyme from the pancreatic ducts (Lagerlof, 1942; Burton et al., 1960 ). We have not tested this hypothesis by reversing the order of stimulants, but, when Burton et al. (1960) substituted a second injection of secretin instead of an injection of pancreozymin, they noted a second rise in volume without a second rise in enzyme, lending support to the wash-out theory. Another explanation for the large enzyme response to secretin may, however, be the sizeable amount of CCK.PZ in secretin Boots (Henriksen and Worning, 1967; Harper, 1972; Edmondson personal communication, 1974) . The final possibility, that secretin may itself act on acinar cells, seems unlikely, as there is no convincing evidence that secretin in physiological doses either stimulates enzyme secretion or enhances the action of pancreozymin on enzyme secretion (Harper, 1972; Dembinski et al., 1974; Harper, 1975) although Wormsley (1968) has shown that very large doses of secretin Boots given by infusion increase trypsin secretion in man.
It is difficult to extrapolate a value for postprandial endogenous CCK.PZ release on the basis of our comparative study, as responses of target organs to the sustained stimulus of a meal often differ greatly from their responses to bolus intravenous injections, as was clearly shown by Torsoli et al. (1961) 
